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When LI first studied physics at University College London 
everything seemed to go at a frenetic pace. We were kept so 
busy calculating answers to rather contrived problems in 
mechanics, thermodynamics, optics, electromagnetism, and so 
on, that there seemed too little time to reflect on the 
general framework of what we were doing, to examine the 
fundamental concepts of space, time, motion, matter and force 
that seemed to be taken so much for granted on the first pages 
of the textbooks. Later on when we studied relativity and 
quantum theory I believed things were going to be different. 
Now we would really have to stop and think. But again I was 
disappointed. Everything that interested me was swept away 
under a broad gloss of operationalism and positivism. 
Quantum mechanics in particular was presented as a black-box 
theory. Data were fed in representing ‘experimental 
conditions', the handle was cranked and out came numbers to 
identify with the numerical results of the experiments. 
What did it all mean and how did it promote understanding of 
the physical world? What I needed was time to stop and stare, 
not the bustling physics of people inahurry, but physics for 
pedestrians. 


It was some years later that I discovered that there were 
people interested in these very broad foundational questions 
in the same way I wasmyself, but they operated in philosophy 
departments rather than physics departments. They were 
discussing the foundations of physics, but seemed to me to be 
handicapped by relative lack of technical knowledge of the 
very theories whose foundations they were investigating. I 
felt that a short incursion among the philosophers would 
rapidly clear up the puzzles they were setting for 
themselves. From my very first meeting with these strange 
people, the philosophers, I realized it was not going to be 
like that at all. Far from being woolly-headed or ignorant, 
they struck me as very clever people tackling very difficult 
problems. I retired chastened and much ashamed of my initial 
brashness. I decided I must start again from scratch, 
learning the technical tools of the philosophers, so that I 
could talk their language, and return in a much humbler frame 
of mind, to tackle foundational problems from a viewpoint 
informed by technical physics on the one hand and technical 
philosophy on the other. 


Of course I am exaggerating. As I have now come to appreciate 
there are quite a number of philosophers who know a lot of 
physics, and a number of physicists who would be happier in 
philosophy departments. Philosophy of physics is now, I 
would submit, a recognized discipline with practitioners 
spread around in this country, in Europe, in Australasia and 
across the Atlantic. It needs different skills from physics 
~ like the musicologist who does not have to write symphonies 
or play the violin himself. It is, if you will, a second- 
order activity reflecting on the nature of physics. It is 
concerned with examining the underlying principles, concepts 
and ultimate presuppositions of that discipline. 


Modern physics raises several broad types of philosophical 
problem. Firstly there are questions of the general 
methodology of science. This is concerned, for example, 
with the appraisal of theories. . By what criteria should we 
should appraise a theory as good, bad or indifferent? Is 
empirical adequacy the major or indeed the only criterion? 
Some theories are described pe_ joratively as ad hoc, What 
exactly does that mean? A colleague of mine, for example, 
recently wrote a paper with the literally true title "Ad hoc 
is not a four letter word"! Then there is the matter of 
heuristics. How do theories develop and change? What are 
the correspondence relations between new and old theories? 
What is the role of general metaconstraints such as symmetry 
principles? What is the connection between models and 
theories? And soon. Wecan look at current physics in the 
light of these discussions and ask is it practised in a 
significantly different way from classical physics? Next 
there are ethical and aesthetic questions. What do we mean 
by saying that a theory is elegant or beautiful? Should 
science be pursued for its own sake or in virtue of the 
practical advantages 4t confers in the form of television 
sets, washing machines and atomic bombs? Well, are atomic 
bombs of practical benefit? Should scientists work on 
military projects at all? And so on. Having decided what 
the aims of science are, we can look at its social 
organization and discuss whether this serves best to attain 
those aims. Finally there are metaphysical questions; what 
does physics teach us,if anything about the ultimate nature of 
reality? 


Today I am going to concentrate on this last topic, the 
metaphysical questions, but before coming to that I want to 


say something, by way of introduction, about general 
philosophy of science. 


I will start with a bald (and controversial) statement; 
science is concerned with the nature of what is usually 
referred to as the 'external world'. Of course in one sense 
we as thinking beings belong to the external world - we are 
certainly external to other thinking beings. But scienceis 
not concerned with our private inner world of thoughts, 
dreams, hopes etc per Se. Another way of putting this is that 
science is concerned with objective reality as contrasted 
with our subjective experience of that reality. 


What are the presuppositions behind this simple picture of 
science? Let me list a few: 1. ‘There exists a world of 
physical entities. 2. Statements about them.can be known 
to be true, or perhaps probably true, through sense 
experience. 3. The entities exist independently of 
perception. 4. The entities are the (ultimate) cause of 
the sense-impressions. 


But what is the status of these presuppositions? How do we 
come to know anything about the external world? Well, there 
are various sources of knowledge that may be cited including 
authority, intuition, revelation, faith, reason and 
experience. But in science two answers have traditionally 
been given. Firstly rationalism: some knowledge about 
reality can be obtained a priori in advance of and 
independently of any sense experience by pure thought (some 
combination of reason and intuition). Simple statements of 
arithmetic such as two plus two equals four might be thought 
of in this way. Secondly empiricism: all knowledge is 
derived from sense experience (two plus two equals four is 
only known from our experience of counting with apples, 
marbles etc). 


Which path do you think should be followed by scientists? 
The answer is not entirely clear. Take empiricism for 
example, For many philosophers the senses do not put us 
directly in touch with reality - far from it. We are 
imprisioned by our senses, they are an impenetrable wall 
between us and the external world. For example, how do we 
‘know a table is anything like our visual impression of it? To 
say X is like Y we must know how X and Y¥ actually are before we 


can decide if they resemble one another. If the only route to 
external objects is via our sense experience how can we ever 
establish that external objects resemble their appearances? 
If this is true of macroscopic objects like tables, how much 
more tenuous is empirical access to micro-entities like 
electrons. So empiricism slides very naturally into 
scepticism, we know nothing about an external world, all that 
we know is just the internal world of thoughts, images and so 
on, but science does not deal with that, so where does science 
come in? This pulls us in the direction of quite another view 
of science, that it is concerned just with regularities in our 
sense experience. That is to follow the siren call of 
idealism, phenomenonalism, sensationalism. 


Now let us take rationalism: surely we cannot find out 
anything factual about the world if we do not even look! 


One way of resolving this state of affairs is what is known as 
conjectural realism. We sit in our armchairs and conjecture 
how the world is. We donot claim we are necessarily right, 
but now we subject our conjectures to a regime of empirical 
tests. Does the conjecture about the external world serve to 
explain (i.e. account for) our sensory experiences? If it 
does not then we can throw out the conjecture. If it does 
then we can continue to entertain the conjecture. 


This all looks a bit pedantic when applied to tables and 
chairs. If you really appreciate the point about the 
existence of tables and chairs being a conjecture you are more 
than half-way to being a philosopher! When we come to atoms, 
electrons, quarks and’so'on, the conjectural status of these 
entities definitely looks more appealing. Afterall science 
has been proved wrong in the past - phlogiston, the mechanical 
aether and so on have simply disappeared from the scientific 
vocabulary. So do we really have any reason for supposing 
that our current high-level theories will not one day be 
supergeded? The message here is that science does not give 
us certainty about the external world (even that there is an 
external world), we had better just be honest and admit that 
we cannot get that, but we can do better than completely 
uncontrolled speculation. Our conjectures about the world 
may be refuted by experiment, and that indeed is the real 
function of experiment, not to verify our theories, prove 
that they are true - that cannot be done, but to weed out 
inadequate conjectures. Theoretical science on this 
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account progresses through a process of Darwinian evolution, 
the survival of the fittest. 


This view of science is associated with the name of Sir Karl 
Popper, whose book Logik der Forschung was first published in 
1934. Popper is an Honore Graduate of this University. He 
is also, more humbly, HOBOEAEY , ROBEDE ch Leshee in my old 
Department in London, and’ has deeply influenced my own 
thinking, so I thought it booropeints to give some brief 
flavour of his views on this occasion. 


Popper's emphasis on the refutability or falsifiability of 
theories as distinct from their confirmation and 
verification leads to a significant demarcation criterion 
between science and pseudo-science. ' There is no virtue ina 
theory which explains anything and everything. For example, 
Freudian psychology and Marxian socioeconomic historicism 
were castigated by Popper as pseudo-sciences. 


The idea that scientists should spend their lives trying to 
refute their theories seems paradoxical at first sight but 
actually came as a relief in some cases. Sir John Eccles 
tells the story that he first heard Popper explain his ideas 
ina lecture in New Zealand. At the time he was feeling very 
depressed because a theory he had proposed had just been 
refuted. He was delighted to learn from Popper that this was 
the ultimate aim and object of science anyway. 


Although Popper believes that theories are refutable, he 
qualifies this by emphasizing that all experiments are 
themselves theory-laden. Even the existence of pointers to 
yield pointer-readings is a rather low-level conjecture. So 
the refutation of a high-level theory comes out for Popper as 
a conflict, not directly with experience, but with other low- 
level theories. The decision to accept these low-level 
theories-is an essential part of scientific methodology. 


Popper does not see science progressing by an accumulation of 
facts, what Popper calls the bucket theory. As Popper once 
remarked: "Even if you gojto the end of your 1ives, note book 
in hand, writing down everything you observe, and if you 
finally bequeath this important notebook to the Royal Society 
‘ it will end up @na rubbish heap" Science starts with 


theories (Popper sometimes calls them searchlights) and 
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these lead to problems, observations that do not fit the 
theories. The essential point is that problems are only 
problematic in the light of theories. The fact that stones 
fall to the ground is only a problem in the light of a theory 
which says that in their natural state stones should not fall 
to the ground. Problems lead to new theories which lead to 
new problems and so on ad infinitum. 


But if none of the theories are ever judged to be true, or even 
probably true, what objectively is being achieved? In 
order to answer this question Popper introduced in the 1960sa 
very controversial notion of verisimilitude, or nearness to 
the truth. Even if theories were not true perhaps they were 
increasing all the time in nearness to the truth. 


As -an jexample ha the difficulties associated with this 
notion: consider two as ronomicat theories T and T! both of 
which predict the number of planets in the solar system ges 
and the number of days in the week) (for the sake of the 
argument we suppose the week to be defined as the interval 


between successive phases of the moon). 
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So on the basis of P and D, simply by counting the number of 
true predictions and subtracting the number of false 
predictions, we can conclude that the verisimilitude of T' is 
greater than the verfSsimilitude of T. But now consider also P 
+D. Tgets it right at 16, but T' getsit wrongat14. Soif 
we include the prediction of P+Das well, we get that TandT' 
have the same verisimilitude. But are astronomical theories 
really about P+ Datall? This is the sort of problem that 
arises when one attempts any logical analysis of the 
comparative verisimilitude of theories. 


I have concentrated so far on Popper's views about the nature 
of science because, in spite of technical difficulties such 
as the verisimilitude problem, I think it is one of the most 


interesting accounts to have emerged during the last fifty 
years. 


It is perhaps fair to say that Popper's views are more suited 
to the aims of pure science in its search for deep, unifying, 
universal laws that explain in a simple and coherent way the 
amazing and apparently disconnected variety that presents 
itself at the surface level of immediate experience, than in 
the looked-for justification of the reliability of the 
regularities used in applied science and technology. The 
standard view here is that the latter are grounded in the 
former, and that if we have no warrant to believe in the truth 
of the former, then we have no warrant to believe, qua 
scientist, that the train from London to Cambridge will run 
tomorrow (perhaps a bad example) or that bread nourishes. My 
own view here is that applied science is not concerned with 
truth universalized over all conditions, but with limited 
extrapolations,to the next instance for example. For this 
purpose Popperian strictures on non-zero rational degrees of 
belief may not be appropriate. This move would also justify 
us in treating the refutation of a theory ina particular area 
of application as a repeatable effect, which is often 
regarded as an inconsistent feature of the Popperian 
approach. But such revisionism of the pure Popperian line 
would take a deal more argument than I have time for here. 


But there are other views that are current about science. 


The most prominent of these is that science is not basically a_ 


rational enterprise at all, our theories are just products of 
our social and cultural environment, they have nothing to do 
with Truth, but at best are just convenient ways of organizing 
our sense experiences. This attitude is really antithetical 
to science and scientific method which are seen as no better 
than astrology or witehcraft. In fact the most vocal of 
these anti-scientists is Paul Feyerabend, who has made 
exactly these claims in books such as Against Method and 
Science in a Free Society. The challenge of philosophy of 
science, as I see it, is to respond to the anti-science 
movement with arguments which demonstrate science as a 
fallible but essentially rational activity, an enterprise 
worthy of the interest and support of rational human beings. 
To quote again from Popper: "It is not his possession of 
knowledge, of irrefutable truth, that makes the man of 
science, but his persistent and recklessly critical quest for 
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Let us now return to the question, what can modern physics 
tell us (in a suitably conjectural way) about the ultimate 
nature of reality? 


I described this as a metaphysical question. The term 
metaphysics is notoriously hard to pin down in philosophy. 
It is concerned with the most general and pervasive features 
of reality, but features which are often regarded, even by 
definition, as beyond empirical access. We shall come to 
some examples inamoment, but at first glance it may seem hard 
to understand how an empirically based science like physics 
can be brought to bear on such issues. Nevirthetoas, I hope 
to persuade you that this is indeed the case. However, this 
account of metaphysics is, I believe, too restrictive, and 
later on in this talk I will adopt a more relaxed definition, 
which concentrates on the scope and generality of the claims 
being made about reality, rather than their lack of empirical 
testability. 


Let us take a theory like quantum mechanics. There is a 
mathematical formalism, but to be a physical theory there 
must be some rules, correlating mathematical elements, 
typically numbers, with the results of doing experiments. 
In quantum mechanics, for example, we talk a lot about self- 
adjoint operators, but when we come to interpret the 
formalism as a physical theory we are interested ina special 
mathematical property of such operators, viz,their spectrum, 
which consists of numbers directly related to the results of 
possible observations. So is theoretical physics just a 
black box in the way I mentioned in my opening remarks? To 
repeat: we feed some numbers in at one end, which tell us 
what sort of operations have been performed on a system in 
preparing its state, we crank the handle and out come other 
numbers related to the results of possible experiments we 
could perform on the system. 


Now many philosophers and perhaps some physicists find this 
account of theories unsatisfactory. They want to go beyond 
this view, to get out the screwdriver, lever off the lid of the 
black box and look inside, or expressed more formally to 
provide an interpretation of physics in a different sense 
from that just employed (i.e. rules correlating elements of 
the mathematics with physical quantities). This new sense 


of interpret ation is to give an account of the nature of 
reality and/our epistemological relation to it which serves 
to explain how these empirical regularities come about. 


Let me return to a simple example we have already discussed. 
I see a table in front of me. I turn my head and then look 
again - and see the table. The simplest conjecture that will 
explain this regularity in my sense experience is that there 
actually exists a substantial physical object, namely the 
table, which continues to exist when neither I nor indeed 
anybody else is looking, combined with claims about how 
physical objects cause or produce sense experiences. Notice 
that the existence of physical objects per se is an entirely 
metaphysical statement, in the first sense we described. It 
can neither be proved nor disproved empirically. It is only 
when conjoined with other statements that it has testable 
experiential consequences. But we would never be led to the 
testable theory without starting from the metaphysical idea 
of an external physical world populated by substantial 
physical objects such as tables and chairs. 


Before coming to modern physics I will give a brief historical 
discussion about another sort of metaphysical question. 
Suppose you take a lump of matter, say again this table, and 
try to chop it up into very small pieces. How long could you 
go on dividing it up? This question intrigued the ancient 
Greeks and they traditionally gave two anwers: 


1) Matter is infinitely divisible. This was the view of 
Aristotle for example. 

2) There is a stage beyond which you cannot go on dividing. 
You have reached the ultimate atoms. This was the view of 
Leucippus, Democritus and Epicurus to mention some of the 
most famous of the ancient atomists. 


Notice that the question cannot be settled empirically, even 
in conjunction with statements linking the experiment to 
sense experience. We cannot prove atomism at any 
putative stage. Perhaps we have not been knocking the atoms 
hard enough to break themup. But alsowe cannot disprove it. 
If we have not reached the atoms yet perhaps we shall meet them 
further down the sequence of potentially infinite division. 


Atomism, for the Greeks, was a metaphysical doctrine designed 
to account for the possibility of change in the universe - 
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famously denied by Parmenides for example. The atoms do not 
change themselves, but they move around in the void, changing 
their configurations, and this is the ultimate explanation of 
all the changes we see around us in our macroscopic observable 
world. 


This is a very important point. To describe change we must 
presume something that is not changing. To say that X 
changes from condition P to condition Q there must be 
something unchanging about X to enable us to identify it as X 
throughout the change. This idea is very important in modern 
physics under the guise of invariance or symmetry. 


During the Middle Ages Aristotelian views largely prevailed, 
at any rate in Western culture. But atomism was revived in 
the seventeenth century by Pierre Gasgendi and others under 
the general rubric of Corpuscularianism. Many of the great 
seventeenth-century scientists like Boyle and Newton 
believed with varying degrees of conviction, that matter was 
ultimately corpuscular. 


However atomism did not become a scientific theory, in the 
sense of producing surprising empirical predictions, until 
the nineteenth century - firstly in chemistry by Dalton and 
later in the general kinetic theory of matter which arose in 
the second half of the nineteenth century. This latter 
theory said that in reality matter consisted of the chemical 
atoms, sometimes aggregated in larger groupings called 
molecules, which were in constant random motion, which we 
observe as heat. 


Notice here a very important point. Kinetic theory does not 
depend on the atoms being totally indivisible, only that 
collisions at the ordinary temperatures under discussion 
should not split them up. This pragmatic sense of atomism, 
quite different from the metaphysical Greek sense, yields an 
empirically testable scientific theory. But we can also 
obtain a testable theory by substituting metaphysical 
atomism with the assertion that the chemical atoms are the 
‘ultimate’ atoms. This is a stronger theory than pragmatic 
atomism since it implies it but is not implied by it. As we 
shall see it is refutable, and indeed refuted, by ‘splitting 
the chemical atom' which would not be the case for pragmatic 
atomism. Note also that this chemical atomism implies 
metaphysical atomism. This point should be stressed. 
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Perfectly 'respectable' scientific theories can logically 
oo untestable metaphysical statements. 


spew) V = to the twentieth century then theoretical physics has 


—_— 


given up the idea that the chemical atoms are indivisible. 
In fact they also have structure. Physically an atom 
consists of a nucleus carrying a positive electric charge 
surrounded by very small negatively charged particles called 
electrons, going round the nucleus rather like planets round 
the sun. Ina hysrowen 2207p, for example, the radius of the 
electron orbit is about 10 em. So we can split the atom by 
splitting off electrons. But that is not all. It also 
turns out that the nucleus has structure. It is made up of 
Still smaller particles - the protons and neutrons. 


In the last fifteen years it has been found that the protons 
and the neutrons also possess structure. They are made up of 
still smaller constttuents known as quarks. There are 
several varieties of these quarks, which together with the 
electron and related particles collectively referred to as 
leptons, appear at the present time to represent the ultimate 
constitution of matter. 


So are we just back to indivisible particles and the void 
where it all started from? This table is really mostly empty 
space with myriads of very small ultimate consituent 
particles aggregated in various ways not unlike the stars and 
galaxies which fill the sky. The question as posed about 
ultimate constituents would be, as we have seen, a typically 
metaphysical question, not capable of being settled 
empirically, and in this sense entirely speculative. The 
metaphysical problem the Greeks confronted was quite 
independent of whether any given pragmtic atoms were the 
ultimate atoms. Nevertheless it should be noted that 
metaphysical atomism is a strong heuristic guide in 
formulating testable atomic theories at all. 


Let us now probe a bit deeper into modern physics. Let us 
concentrate on the electron as a typical example of an 
elementary particle. Its: massis only 10 gramme. Until 
very recently physicists thought it might haveno size, but 
be literally a mathematical point (I am not today going to 
discuss the stop-press physics of string). It carries a 
charge of about 10-7 coulomb: . But it turns out that the 
laws governing the motiong of electrons are quite different 
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from those governing the motion of large-scale objects such 
as tables or chairs. The latter are governed by laws 
discovered by Newton at the end of the seventeenth century, 
but in the 1920s it was found that electrons obey quite 
different mechanical laws - known as quantum mechanics. 


Quantum mechanics says,in brief, that electrons donot behave 
just like particles, but somewhat like waves. But they are 
not quite like waves also - in some respects they are like 
classical Newtonian particles. They exhibit the famous 
wave-particle duality. Understanding this dual nature of 
the electron (wave plus particle aspect) is a major 
metaphysical problem which I shall not discuss in detail on 
this occasion. The point I want to make here is that if 
electrons are like waves, they are in some sense spread 


through space in a continuous fashion. Even a single, 
electron is in some sense everywhere atonce. WhenI said the_/” 


hydrogen atom had a size of 10 - em, I should have said the 


electron waves“were mainly concentrated ina region of this 


size, although theoretically the amplitude of the waves never 
falls absolutly to zero. If an electron considered as a 
particle is a mathematical point can I localize it with 
absolute precision? Wellno, whenI said it was a point that 
was a highly theoretical statement. If you try 
experimentally to squeeze an electron wave into a very small 
space, to localize it precisely, an extraordinary thing 
happens. When you get to about ig” em a second electron 
pops up out of nowhere — well,out of the vacuum. Actually, to 
conserve charge you have to create negatively and positively 
charged pairs, but that 1s an inessential complication for my 
purposes. The more ja squeeze, the more electrons appear, so 


You cannot localize a single electron to better than 10 cm. 


I said these new particles came out of the vacuum. But there 
4g an even more surprising thing. The vacuum is full of 
latent or virtual particles as they are called. The vacuum 
is not nothing but is seething with activity. Speaking 
metaphorically and picturesquely, latent particles try to 
achieve an actual existence and then fall back into oblivion! 


This problem about matter being created (or annihilated) is 

not anewone. It has after all a long theological ancestry! 

The idea of atoms was that they did not themselves change 

(except in location). If they do not change ever they must 

exist forever. If we want to ae ai can come and go 
wan Uy Qn 

should we not think of matter as/a wave-like phenomenon? 
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After all ripples come and go on the surface of apond. This 
view and the natural way in which it can accommodate creation 
and annihilation is a major motivation behind quantum field 
theory. A word of warning: do not confuse quantum field 
theory with the waves in wave-particle duality. There is a 
connection, but quantum fields have a particle aspect to them 
- they also exhibit a form of wave-particle duality! 

But because quantum field theory is rather technical let me 
discuss a related metaphysical problem as it presents itself 
in classical physics. How does a particle go from A to B? 


Well ,does it just move over from A to B? 
} J a how!) 3) 


Thus: 


—_—__® 
But we could also describe the situation by saying that a 
certain property of impenetrability was transferred from A to 
B (It is fitting that I follow here Newton, the tercentenary 
of whose magnum opus we have been celebrating at Cambridge 
this year, and who introduced just this idea in his early 
anti-Cartesian work entitled in translation 'On the Gravity 
and Equilibrium of Fluids ¥). We could introduce a simple 
dichotomic field with two possible values for every point of 
space. The value 0 corresponds to no impenetrability, l.e., 
no particle present, the value 1 to the presence of 
imperftrability, i.e. aparticle is present. So the state of 
the field at time ty when the particle is at location A is like 


this: é Con 
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The state of the field at time to when the particle is at 
location B is like this: 
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So how does the particle go from A to B? Well, the spike or 
blip in the field propagates from A to B rather like a wave 
travelling downastring. But why should we not describe the 
motion as a two-stage process? The spike at Ais annihilated 
at time ty leaving us with the vacuum field, and then the spike 
at B is created out of the vacuum at the later time t5. 


Thus: 


VAcUUM 
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But this theory is empirically false! Becauseifwelookata 
time between t, and t. there is a blip somewhere between A and 
B, so the vacuum prediction is wrong. But let us suppose the 
interval from ty to to is divided up intoa very large sequence 
of "time atoms' and we claim that motion consists in the 
‘particle being annihilated and recreated across successive 
time atoms. Then, whenever we look between the time atoms 
the blip is there, but we cannot look during a time atom, 
whatever that would mean, so we can never not see the blip. 
This view of motion was actually adopted by the Mutakallemim 
in ancient Islamic philosophy and has obvious affinities with 
ideas of creation and amd annihilation in modern quantum 
field theory. 


We have here a typical situation of underdetermination. The 
field description and the substantial particle description 
of the motion are empirically equivalent - the particle gets 
from A to B, and is always observed when looked for, but 
kecause field and particle descriptions are empirically 
equivalent does not mean they are heuristically equivalent 
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when one leaves the arena of classical physics and tries to 
produce physical theories to account for the transient nature 
of many of the elementary particles. As Popper has stressed, 
metaphysical views about the ultimate nature of reality may 
be rationally assessed, not in terms of their empirical 
testability which they may not have, but in terms of how well 
they deal with metaphysical problems like the ultimate 
account they give of change, creation and so on, but more 
especially in terms of their fertility in guiding the 
development of new physical theories which are testable and 
may actually survive severe testing. 


In conclusion let me return to a puzzle about quantum 
mechanics. I said electrons, protons, etc, were in a sense 
'spread' everywhere. But if tables and chairs are made up of 
these particles should they not then be spread out? Should 
not this table in front of me be 'spread' partly to the other 
side ofthe room. Infact if you take quantum mechanics quite 
seriously there are ways in which this can actually happen. 
Another version of this problem is known as the Schrodinger 
cat paradox. Schrodinger invented an experiment whereby 
cats could be predicted to be 'spread' simultaneously between 
a state of being alive and being dead. This type of 
prediction is generally regarded as a flaw in the theory! 
What would the cat itself think was going on?! Some authors 
see in this puzzle, and other related problems of so-called 
entangled systems, a denial of the possibility of a mind- 
independent reality of the sort proclaimed at the beginning 
of this talk. Idonot myself believe that quantum mechanics 
cannot be given a realist construal, although at the expense 
of an admittedly mysterious and still not properly understood 
holistic involvement of component parts of a composite 
system. That is not to say I am claiming to prove realism 
or to disprove for example the Copenhagen complementarity 
interpretation. I advocate keeping metaphysical options 
open to see which leads to the most progressive physics. 


I mention these problems in order to stress that microphysics 
presents many conceptual difficulties that physicists 
themselves tend to brush under the carpet. Physics is not so 
neat and tidy and unproblematic as the man on the Clapham 
omnibus might suppose. 


To sum up then, conceptual problems in physics may highlight 
points at which the theory is in need of further foundational 
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which, on this second account of metaphysics, no longer Saran 
threatens as a contradiction in terms. Or the experiment 
would refute the empirical adequacy of the theory. As we now 
know the empirical adequacy survived, but in the end, if we 
accept the so called pessimistic induction about the 
eventual breakdown of predictive success of any theory in 
physics, based on a long view of the history of the 
discipline, quantum mechanics will be found deficient, and 
then the philosopher of physics may play a role, as we have 
seen, in offering the physicists possible conceptual 
frameworks within which to develop the new physics. The 
moral is that sometimes philosophy nudges physics, and so 
physicists had better learn some philosophy, while sometimes 
physics nudges philosophy so philosophers had better attend 
to physics. 


Let me finish then by contrasting the usual textbook of 
theoretical physics, which starts on page 1 with some 
uncritically presented presuppositions and then proceeds to 
develop applications through pages 2, 3 .... etc, with the 
textbook for pedestrian physics, where I would advocate a new 
set of pages numbered minus 1, minus 2, .... etc,in which the 
concepts and assumptions introduced on page 1 are subjected 
to increasingly searching critical examination. No doubt 
the book would extend ultimately to infinity in both the 
postive and negative directions. Here at Cambridge I 
propose to continue in my attempt to write just a few more of 
the negative pages. 
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